Cluster decays half-lives of elements with proton numbers between 56 < Z p < 120 are calculated by applying temperature dependent proximity potential approach. for showing the influence of temperature on cluster decays, we compared the results among temperature dependent and independent case with experimental values. The obtained results of the present investigation reveal that we have more accurate results for temperature dependent proximity potential in comparison to ignoring one. In the present work, we find that results provided with temperature dependent proximity model are reasonable estimates for cluster decays half-lives and provide reliable predictions for other super heavies cluster decays.
I. INTRODUCTION
Spontaneous cluster decays, heavier than alpha particles but lighter than a fission fragment, of super heavy nuclei is one of most dominant decay chains which happens before spontaneous fission. However, the cluster decays and half-lives of the super heavy nuclei gives us information about the island of stability regions and hence help us to understand the nuclear structure of the daughter as well as parents nuclei [1, 2] . experimentally and theoretically, emitted clusters from heavy nuclei has greatly attracted researchers attention which theoretical mechanism of cluster decay is regarded as quantum mechanical tunneling through the potential barrier between cluster emitter and the residual daughter nucleus. At this study, calculation of potential barrier is critical part. At present, many theoretical approaches have been used to describe the cluster-decay, such as the macroscopic-microscopic model [3] , Density-dependent cluster model [4] [5] [6] relativistic mean field theory [7, 8] . in these models, various nuclear potential is used for calculation of half-lives and spectroscopic properties. The liquid drop model , double-folding model and proximity are example of most potential that are applied recently [9] [10] [11] [12] [13] [14] [15] [16] . One of the successful and applicable models is by using the proximity potential which is a function of separation between the surfaces of the two nuclei. Many versions of proximity potential are proposed by different groups in order to improve the model [17] [18] [19] [20] [21] [22] . Interestingly, the temperature dependence of proximity model has been modified by some authors to study fusion reactions and barrier characteristic [22] .
At previous work, we studied the influence of the temperature of the parent nucleus on the alpha-decay process by applying the temperature dependence of the proximity potential and transfer matrix approach to calculate the penetration probability [23] . In this work, we attempt to study the cluster-decay half-lives of parent nuclei by considering the temperature dependence of the proximity potential and using WKB approach for calculating the penetration probability across the potential barrier. The structure of this paper is as follows: In sec. II, modified proximity model with temperature dependence is briefly introduced. In sec.
III, half-lives of emitted 14 [2] . Finally the conclusion is given in Sec. IV.
II. MODEL
In the cluster model the parent nucleus is assumed to be the interaction between the cluster particle an daughter nucleus where the total potential is equal to the sum of the nuclear potential, the coulomb potential and centrifugal barrier. Thus,
Where µ is the reduced mass and V c (R), the Coulomb interaction potential is given by,
in above equation, R c is expressed by, R c = 1.24(R e + R d ),R e and R d are respectively the radii of emitted cluster and daughter nuclei. However, Z e and Z d represents the charge number of emitted cluster and daughter nuclei respectively.
Using the proximity theorem we can obtain a simple formula for nuclear potential between emitted clusters and residual daughter nuclei as a function of the separation distance between the surfaces of them [17] .
Here R is the reduced radius and is written as:
and
where b is the surface width and R i is the effective sharp radius, and given by:
In Eq. (1), Φ(ξ) is the universal function which has been derived by several authors in different forms [20, 21] and in original proximity version was defined as:
and the surface energy coefficient defines as a function of the neutron/proton excess as:
where
) and γ 0 and K s are the surface energy and surface asymmetry constants respectively. These constants have different values in different proximity potential versions and they revised to K s = 4 and γ 0 = 1.460734Mev/f m 2 for to the proximity-2010 [21] that we used in this work . In order to achieve an exact form of proximity potential where be able to reproduce the experimental data more accurately, many researches have been done which led to different versions for proximity potentials [24] [25] [26] . In one of these attempts, proximity-2010 is modified with a temperature dependence of surface energy coefficient and it has been successful in expecting the fusion barrier data and the experimental fusion cross section [22] .
where T B is the temperature associated with the energies near the Coulomb barrier.
Temperature dependency, also followed in some other parts of the proximity potential as:
and,
The temperature T in Eqs. (9) (10) (11) can be expressed as [27, 28] ,
Here, E * CN denotes the excitation energy of parent nucleus with mass number A. Q in denote the entrance channel Q-value of the system and E c.m. is the center-of-mass incident energy which according to Refs. [22, 29] , one can use the following definition
where the radius R 1,2 is obtained by Eq. (6) . In order to explore the temperature effects of parents nucleus in this study, we have employed all three above relations simultaneously in proximity-2010 potential, and we have calculated the interaction potential in this way. With the shape of total cluster-nucleus potential, one can calculate the penetration probability as well as half-life T 1/2 of the parent nucleus. According to the WKB approximation the penetration probability is calculated by,
Where µ(R) is the effective mass of the cluster particle and the daughter nucleus which is set as the reduced mass. Q is released energy for which experimental values are used in the present calculations. R in and R out denote the classical turning points inside and outside of the barrier which are determined from the equation
The cluster-decay half-life T 1/2 is then calculated with the penetration probability [30] ,
Where E ν denotes the zero point the empirical vibration energy is given by [31] ,
where A e is the mass number of emitted cluster nuclei
III. RESULTS
In this section at first we test our calculation for the existing measured values of half-lives.
after investigate the role of temperature dependence on cluster decay half-lives, then we will apply this formalism for calculation of cluster decay half-lives.
III-A. compare to experimental data
In order to test the precision of our calculation, we compare the calculated results with the existing experimental data [32] that the selected cluster nuclei were discovered from the experiments [33, 34] . In Table- I, we compared measured experimental data and the calculated half-lives of cluster decay with including the temperature effect of parent nucleus(TD.) and without the temperature effect(IND.). also the minimum angular momentum l min carried away by the emitted cluster is determined by the principle of spin-parity conservation when the nuclei are decayed and the values are from [35] . In order to give some indication of the quality of the results, the last line of table-I also shows the relative error,
where Y=log In order to show better the ability of our method on calculations of cluster decay half-lives, we define hindrance factor as follow:
Figure-1 depicts the comparison of HF between temperature dependence of proximity
potential (TD.) and temperature independent (IND.). as the definition of HF clear that
closer to unity is more accurate results we have. This figure reveals that TD. results are motivating. therefor it seems we can apply this method for calculation of cluster decay for heavy nuclei.
III-B. Calculation of cluster decay for heavy nuclei
In Table- II we list the theoretical cluster decay half-lives of temperature dependent proximity potential and prediction of ASAF model [2] ones for nuclei with Z parent between 56 and 120. The first column of Table- II denotes nuclide. The experimental Q cluster-decay energy (Q c ) is given in column 2. When the Q c is not known, we use a theoretical value from ref. [36] . The logarithmic cluster decay half-lives with TD. and ASAF model [2] ones are listed in columns 3 and 4, respectively. The last column is the reference the error between calculation of our work and ASAF model. It is seen from Table-II that TD. half-lives are reasonable estimates. 
IV. CONCLUSION
By using the temperature dependent proximity potential, we calculated cluster decay halflives of parent nuclei whose proton numbers are from Z p = 56 to Z p = 120. Before the calculation, we test the accuracy of the our calculation for some nuclei in compare with experimental data. The results of present calculation made with T.D. model are in good agreement with experimental data (see Table- I and Figure-1 ). at next, T.D. model calculation are provided in Table-II for cluster decay half-lives of heavy nuclei and compared with the values based on the ASAF model [2] estimation using the same Q − values. this formalism has been found to be quit reliable.
ACKNOWLEDGMENTS
The authors would like to give special thanks to Dr. F. Zanganeh for helpful discussions 
